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(54) Tin electroplating process 

(57) A process for plating tin or tin alloy onto metal 
substrates is described, in the process, a metal sub- 
strate is placed in an electroplating bath that contains a 
stannous sulfate and an organic compound additive in 
which the organic compound has a heterocyclic moiety 
in an aqueous solution of sulfonic acid. The bath is then 
subjected to pulse plating conditions that plate a layer 
of tin or tin alloy onto the metal substrate wherein the 



FIG. 1 



tin in the tin layer has a grain size of about 2 uin to about 
8 um During pulse plating, a current density of about 
65 ASF to about 250 ASF is applied to the electroplating 
bath in a pulsed manner, i.e. the current is cycled on and 
off during plating. The duty cycle of the pulse is about 
twenty-five percent to about thirty percent. The duration 
of the on pulse during the cycle is about 50 us to about 
500 us. 
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Description 

BACKGROUND OF THE INVENTION 

Technical Field 

The process of the present invention is directed to 
a process for electroplating tin on metal substrates. 

Art Background 

Tin is known as a metal which has excellent corro- 
sion resistance. Good soldered connections are formed 
on tin surfaces because an excellent bond forms be- 
tween the tin and the solder. Furthermore, when tin is 
plated on metals such as steel, copper, aluminum, nick- 
el, and alloys thereof, the tin plate provides corrosion 
resistance and solderability to these metal substrates. 
Tin plate coatings are typically soft and ductile. One dis- 
advantage of tin plate is the tendency of tin to grow crys- 
talline "whiskers." Although the cause of whisker growth 
has been the subject of some debate, there is no ques- 
tion that whiskers are undesirable for a variety of elec- 
trical, mechanical, and cosmetic reasons. 

Typically, tin is plated on metal substrates using an 
electrodeposition process. Although the exact cause of 
whisker growth has not been determined, it has been 
observed that whisker growth is affected by a variety of 
parameters in the electrodeposition process such as the 
current density, plating thickness, tin purity, and temper- 
ature. The pressure and external stress to which the 
plated substrate will be subjected also influences the se- 
lection of the plating process parameters. 

Selucker, A., et al., "Microstructural Characteriza- 
tion of Electrodeposited Tin Layer in Relation to Whisker 
Growth,- CARS-EUROPE' 90 p. xiv + 280 (1990) asso- 
ciates whisker growth with the microstructural details, i. 
e., the grain size and shape, of the tin. Grains are the 
individual metal crystals in the metal. Selucker et al. pos- 
tulates that whisker growth is suppressed in tin that has 
a grain size in the range of 1-8 urn and that whisker 
growth is especially difficult in metals with a grain size 
of 1 -3 urn. Kakeshita, T, et al. , "Grain size effect of elec- 
tro-plated tin coatings on whisker growth," Journal of 
Materials Science Vol. 17, pp. 2560-2566 (1982) also 
notes that whisker growth is more difficult on tin plate 
with a well-polygon ized (i.e., regular as opposed to ir- 
regular grain boundaries) grain structure. Kakeshita et 
al. also note that the well-polygonized grains have a 
grain size of at least 1 micron. Kakeshita et al suggests 
annealing the tin plate in order to reduce the number of 
irregularly-shaped grains. However, as noted in Seluck- 
er, it is difficult to design a process that plates a metal 
with a desired microstructure. However, because of the 
potential benefits (i.e. reduced or eliminated whisker 
growth) provided by tin plate with a grain size in the 
above -specified range, a plating process that provides 
tin plate with the desired grain size is advantageous. 
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SUMMARY OF THE INVENTION 

The invention is a process for electroplating tin and 
alloys thereof onto metal substrates using an aqueous 
5 plating solution. The solution contains a stannous sul- 
fonate that is either stannous alkyl sulfonate or stannous 
alkoyl sulfonate combined with a sufficient amount of ei- 
ther an alkyl sulfonic acid or an alkoyl sulfonic acid to 
provide a solution with a pH of about 1 or less. It is ad- 
10 vantageous if the concentration of the stannous sulfate 
in the aqueous-based solution is sufficient to provide a 
metal concentration of about 20 g/l to about 1 10 g/l and 
the concentration of the sulfonic acid is about 100 ml/l 
to about 250 ml/l based upon the use of a 70% acid so- 
'5 lution. The solution also contains at least one organic 
additive that has at least one heterocyclic moiety and at 
least one aromatic moiety. Examples of suitable hetero- 
cyclic moieties include lactones, cyclic imides, and ox- 
azolines. Examples of suitable aromatic moieties in- 
clude substituted and unsubstituted phenyl groups and 
phenol groups. In a preferred embodiment, the hetero- 
cyclic moiety and the aromatic moiety are bound togeth- 
er to form a bicyclic, tricyclic or polycyclic moiety. Exam- 
ples of suitable polycyclic compounds include phenol- 
phthalein and thymolphthalein. 

The polycyclic compound is either substituted or un- 
substituted. Examples of suitable substituents include 
hydroxyl groups, amine groups, carboxylic acid groups, 
aliphatic hydrocarbon chains containing no more than 
about eight carbon atoms, and aromatic moieties that 
contain no more than about eight carbon atoms. It is ad- 
vantageous if the concentration of the organic additive 
in the solution is about 0.08 g/l to about 0.8 g/l. 

In one embodiment of the present invention, the so- 
lution contains at least one other organic additive which 
suppresses the growth of dendrites and ensures 
smooth, adhesive deposits. Polyalkoxylated alkyl phe- 
nol additives are examples of additives that are suitable 
for this purpose. A specific example of one such additive 
is octyl phenoxy(10)polyethoxyethanol. Other conven- 
tional polyether additives are also contemplated as suit- 
able. In the embodiment of the present invention in 
which these additives are present, the concentration of 
these additives in the electroplating solution is about 0.5 
g/l to about 4 g/l. 

In the present invention, the article to be plated is 
placed in the above described solution and subjected to 
pulse plating conditions. Pulse plating conditions are de- 
scribed generally in Osero, N., "An Overview of Pulse 
Plating," Plating and Surface Finishing , Vol. 73, p.20 
(1 986), which is hereby incorporated by reference. In 
the process of the present invention, pulse plating con- 
ditions are used that provide tin plate with a grain size 
of about 2 pun to about 8 um. Examples of suitable pulse 
plating conditions are those in which the average current 
density is varied from about 65 ASF to about 250 ASF 
in such a manner that the pulse on time is about 50 \is 
to about 500 us with a duty cycle of about twenty-five 
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percent to about thirty percent. Duty cycle is defined 
herein as the ratio of pulse on-time to the sum of pulse 
on-time and pulse off-time. The average current density 
is defined as the product of the peak current density and 
the duty cycle. 

The electrodes used to effect the plating are con- 
ventional electrodes well known to one skilled in the art. 
The article to be plated functions as the working elec- 
trode in the electroplating bath. The bath is also 
equipped with a second electrode that functions as the 
anode in the electroplating bath. Conventional anodes 
for plating tin and tin alloy are contemplated as suitable. 
One skilled in the art will recognize that there are many 
different types of electrodes which are suitable for use 
in the process of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photograph of the mic restructure of a tin 
plate formed by the process of the present invention at 
6K magnification. 

FIGS. 2 and 3 are photographs of the microstruc- 
ture of a tin plate formed using prior art pulse plating 
conditions. 

FIGS. 4 and 5 are photographs of the microstruc- 
ture of a tin plate formed using prior art pulse plating 
conditions. 

DETAILED DESCRIPTION 

In the process of the present invention, the previ- 
ously described plating solution is prepared by adding 
either stannous alky! sulfonate or stannous alkoyl sul- 
fonate to an aqueous solution of alkyl sulfonic acid or 
alkoyl sulfonic acid. If a 1 liter of the solution is being 
prepared, about 20 g to about 110 g of the stannous sul- 
fonate is added to one liter of an aqueous solution that 
contains about 1 00 ml to 250 ml of a 70 percent solution 
of alkyl or alkoyl sulfonic acid. To this solution is added 
about 0.08 g/l to about 0.8 g/l of an organic additive that 
has at least one heterocyclic moiety and one aromatic 
moiety. Examples of suitable heterocyclic moieties in- 
clude substituted and unsubstituted lactones, cyclic im- 
ides, and oxazolines. Examples of suitable aromatic 
moieties include substituted and unsubstituted phenyl 
and phenol moieties. In a preferred embodiment, the 
heterocyclic moiety and the aromatic moiety are bound 
together to form a bicyclic, tricyclic or polycyclic moiety. 

Examples of suitable substituents include hydroxyl 
groups, amine groups, carboxylic acid groups, aliphatic 
hydrocarbon chains containing no more than about 
eight carbon atoms, and aromatic moieties that contain 
no more than about eight carbon atoms. Examples of 
suitable polycyclic compounds include phenolphthalein 
and thymolphthalein. 

In one embodiment of the present invention, about 
0.5 g/l to about 4 g/l of a polyalkoxylated alkyl phenol is 
added to the solution to suppress the growth of den- 
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drites and provide smooth deposits that adhere well to 
the underlying substrate. It is advantageous if the alkyl 
group in these compounds has from about 7 to about 
10 carbon atoms and the number of alkoxy groups is 
s about 8 to about 1 2. Octylphenoxy(10)polyethoxy etha- 
nol is one example of a suitable polyether. Other suitable 
additives for use in the process of the present invention 
are readily apparent to one skilled in the art. 

After the above-described solution is prepared, it is 
then used to plate tin or tin alloy onto a metal substrate 
by placing the metal substrate in a plating solution 
equipped with a conventional electrode used to plate tin 
or tin alloy onto a metal substrate. The plating solution 
is maintained at a temperature in the range of about 
50° C to about 60° C. Current is provided to the solution 
in a pulsed manner to provide plating conditions under 
which the resulting tin plate has a grain size of about 2 
ujn to about 8 urn This is accomplished by plating in a 
pulsed manner. Examples of suitable plating conditions 
are conditions under which the average current density 
is varied from about 65 ASF to about 250 ASF in pulses 
with a duration of about 50 u.s to about 500 u.s. 

The substrate is maintained in the above-described 
solution under the above-described conditions for a pe- 
riod of time that is sufficient to plate the substrate with 
coating of tin of the desired thickness. It is advantageous 
if the tin plate has a thickness of about 3 u/n to about 6 
um Thicknesses within this range are obtained if the 
substrate is maintained in the above-described solution 
under the above described conditions for about one to 
about 2 minutes. 

Example 1 

A solution was prepared by adding 267 ml of stan- 
nous methane sulfonate to one liter of an aqueous so- 
lution containing 200 mis of a 70 percent concentrate of 
methane sulfonic acid. To this solution was added 0.1 
grams of a heterocyclic additive, phenolphthalein (ob- 
tained from Fisher Scientific Co.), and 0.84 grams of a 
polyalkoxylated alkyl phenol, octylphenoxy(10)poly- 
ethoxy ethanol, that is commercially available under the 
tradename Triton X-100® from Union Carbide. The re- 
sulting solution was then used to plate a layer of tin on 
a copper substrate by placing the substrate on a rotating 
cylinder electrode by immersing the substrate in the so- 
lution equipped with a soluble pure tin electrode as the 
anode. Current was then provided to the solution in a 
pulsed manner. The pulses of current were such that the 
current density was set at 65 ASF, and the pulse on-time 
was 50 us with a duty cycle of about 28 percent. The 
plating solution was maintained under these conditions 
for a total time of about 1.2 minutes. The solution was 
maintained at a temperature of about 55° C during the 
plating process. 

The substrate was removed from the solution and 
the thickness of the tin plate was measured to be about 
3 jim. The microstructure of the tin plate was photo- 
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graphed using scanning electron microscopy (SEM) 
and the photograph is provided in FIG. 1 . Whiskers are 
less likely to form from a material with the microstructure 
in claims 1 because there is less internal stress in this 
microstructure than in a material with a microstructure 
in which the grains are less well-polygon ized. A well- 
polygonized grain structure is evident from FIG. 1 be- 
cause adjacent grain boundaries share a straight 
boundary and two adjacent grain boundaries of a single 
grain intersect at an angle of about 1 20°C. As evidence 
by the following example, this type of grain structure 
does not result when other processes are used to elec- 
troplate tin onto a metal substrate. 

Also, the fact that the well-polygonized grain struc- 
ture illustrated in FIG. 1 is stable is further indication that 
the microstructure has low stress. The structure is stable 
because the energy state of the deposit is close to the 
ground state. In other words, the activation energy re- 
quired for the surface morphology to change is high. 

Example 2 

A solution was prepared by adding stannous meth- 
anesulfonate (267ml) to an aqueous solution of meth- 
ane sulfonic acid (200 ml of a 70 percent solution of acid 
diluted to one liter with water). To this solution was add- 
ed a heterocyclic additive, phenolphthalein (0.1 g) and 
Triton X-100®(0.8 g). 

A copper metal substrate was then placed on a ro- 
tating cylinder electrode and placed in the solution. A 
soluble pure tin anode was also placed in the solution. 
Current with an average current density of 18 ASF, a 
pulse on time of 60 seconds and a pulse off time of 5 
seconds was introduced into the plating solution over 4 
minutes. Consequently, a duty cycle of ninety-two per- 
cent was used. The solution temperature was main- 
tained at 20°C. The resulting tin plate had a thickness 
of about 3 um. A photograph (at 6K magnification) of the 
microstructure of the resulting tin plate is provided in 
FIG. 2. 

The process was repeated using the solution de- 
scribed above. The pulse conditions remained the same 
except the pulse was reversed for 5 seconds. A photo- 
graph (at 6K magnification) of the microstructure of the 
resulting tin plate is provided in FIG. 3. 

Example 3 

A solution was prepared by adding stannous meth- 
anesulfonate (667 ml) to an aqueous solution of meth- 
ane sulfonic acid (52 ml of a 70 percent solution of acid 
diluted to one liter with water). To this solution was add- 
ed a heterocyclic additive, phenolphthalein (0.1 g) and 
Triton X-100®(0.8 g). 

A copper metal substrate was then placed on a ro- 
tating cylinder electrode and placed in the solution. A 
soluble pure tin anode was also placed in the solution. 
Current with an average current density of 18 ASF, a 



pulse on time of 60 seconds and a pulse off time of 5 
seconds was introduced into the plating solution over 4 
minutes (duty cycle of ninety-two percent). The solution 
temperature was maintained at 20°C. The resulting tin 

s plate had a thickness of about 3 um A photograph (at 
6K magnification) of the microstructure of the resulting 
tin plate is provided in FIG. 4. 

The process was repeated using the solution de- 
scribed above. The pulse conditions remained the same 

io except the pulse was reversed for 5 seconds. A photo- 
graph (at 6K magnification) of the microstructure of the 
resulting tin plate is provided in FIG. 5. 

FIGS. 2-5 demonstrate that the well-polygonized 
grain structure that results from the process of the 

is present invention is not obtained when prior art pulse 
plating conditions are used. The well-polygonized grain 
structure that is obtained using the plating conditions of 
the present invention is illustrated in FIG. 1. The rela- 
tively straight boundaries between grains in FIG. 1 are 

20 jn stark contrast to the much more irregular grain bound- 
aries that are found in FIGS. 2-5. 



Claims 

25 

1. A process for electroplating tin or tin alloy onto a 
metal substrate comprising: 

placing a metal substrate in an aqueous plating 
30 bath comprising a stannous sulfonate selected 

from the group consisting of stannous alky I sul- 
fonate and stannous alkoyl sulfonate, a sulfonic 
acid selected from the group consisting of alkyl 
sulfonic acid or alkoyl sulfonic acid, and at least 
35 one organic additive that is an organic com- 

pound with at least one heterocyclic moiety, 
wherein the sulfonic acid has a concentration 
that is sufficient to provide the bath with a pH 
of about 1 or less and the organic additive in 
40 the bath has a concentration about 0.08 g/l to 

about 0.8 g/l; 

introducing a pulsed current into the bath under 
conditions sufficient to provide a tin or tin alloy 
coating on the substrate with well-polygonized 
45 grains having an average grain size of about 2 

um to about 8 urn. 

2. The process of claim 1 wherein the stannous sul- 
fonate in the bath has a concentration of about 20 

so g/l to about 110 g/l. 

3. The process of claim 2 wherein the concentration 
of sulfonic acid in the bath is about 100 ml/I to about 
250 ml/I. 

55 

4. The process of claim 1 wherein the heterocyclic 
moiety-containing additive further comprises an ar- 
omatic moiety that is bound to the heterocyclic moi- 
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ety to form a moiety that contains at least two ring 
structures. 

5. The process of claim 4 wherein the heterocyclic 
moiety-containing additive is selected from the 5 
group consisting of phenolphthalein and thymol- 
phthalein. 

6. The process of claim 1 wherein the bath further 
comprises a second additive wherein the second 10 
additive is a polyether. 

7. The process of claim 6 wherein the second additive 
in the bath has a concentration of about 0.5 g/l to 
about 4 g/l. '5 

8. The process of claim 7 wherein the polyether addi- 
tive is selected from the group consisting of aliphatic 
polyethers, aromatic polyethers, and a mixture 
thereof. 20 

9. The process of claim 1 wherein the current to the 
bath is cycled on and off in a pulsed manner and 
wherein the current provides an average current 
density during an on pulse of about 65 ASF to about 25 
250 ASF and the pulsed cycle has a duty cycle of 
about twenty-five percent to about thirty percent. 

10. The process of claim 9 wherein the on pulse dura- 
tion is about 50 u.s to about 500 u,s. 30 
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